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The taxonomy and distribution of Malagasy frogs of the Mantidactylus 
asper group (included in the subgenus Gephyromantis) is revised. The 
group is considered to include Mantidactylus asper, M. spinifer, M. 
luteus, M. plicifer, M. sculpturatus (which is resurrected from the syn- 
onymy of M. luteus) and a new species described herein. Lectotypes are 
designated for Rana aspera Boulenger, 1882 (Mantidactylus asper}, 
Mantidactylus ceratophrys Ahl, 1929 (junior synonym of M. asper} and 
Rana plicifera Boulenger, 1882 (Mantidactylus plicifer). M. asper and M. 
spinifer are characterized, among other features, by a distinct black-brown. 
contrasted ventral pattern, presence of an outer metatarsal tubercle, and a 
moderate amount of webbing. They are apparently allopatrically distrib- 
uted, M. spinifer occurring in south-eastern Madagascar and M. asper 
inhabiting eastern and north-eastern rainforests. M. luteus, M. plicifer and 
M. sculpturatus have a largely uniform light venter, lack the outer meta- 
tarsal tubercle and have more extended webbing. A reliable distinction of 
these three species is only possible in adult males, and is based on 
differences in femoral gland size and advertisement calls. M. futeus is 
mainly distributed in lowlands along the Malagasy east coast, while M. 
sculpturatus appears to be restricted to mid-altitudes. M. plicifer has been 
found sympatrically with M. sculpturatus and M. luteus, and is known from 
the south-east. The new species described herein shares characters with M. 
asper and M. spinifer (presence of an outer metatarsal tubercle) and with 
M. luteus, M. plicifer and M. sculpturatus (uniform venter, extended 
webbing). it is only known from Montagne d'Ambre in far northern Mada- 
gascar. 

A molecular phylogenetic analysis based on partial sequences of the 
mitochondrial 16S rRNA gene supported monophyly of the M. granulatus 
group and of the M. pseudoasper group in the subgenus Phylacomantis, 
and of a clade containing M. luteus, M. plicifer and M. scuipturatus. In 
contrast, the M. asper group and the subgenus Gephyromantis as a whole 
appeared to be paraphyletic. The obtained trees indicated a possible 
evolution of the direct-developing lineage from brook breeding ancestors, 
and a reversal from direct development in M. granulatus. Although these 
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aspects received no relevant bootstrap support, they constitute hypotheses 
of great interest for general questions on amphibian evolution and should 
be tested with extended data sets. 


INTRODUCTION 


The Malagasy genus Mantidactylus currently contains more than 70 species which show 
a large diversity in morphology and reproductive biology. Dusois (1992) and GLAW & VENCES 
(1994) divided the genus mto a total of 12 subgenera, reflecting this diversity, Mayor charac- 
teristics of all Mantidactylus include the absence of nuptial pads in males (and, as far as 
known, of a strong mating amplexus), and the deposition of eggs outside the water in 
all species studied so far (BLOMMERS-SCHLOSSTR, 1979), Most species additionally have 
specialized femoral glands on the ventral surface of thighs (GLAw et al , 2000), especially in 
males. 


Graw & Vences (1994) distinguished three major clades within Mantidactylus. One 
group contains more or less arboreal species which mostly deposit their eggs on leaves above 
the water surface; their tadpoles are rather generalized (subgenera Blommersia, Guibemantis, 
Pandanusicola, Spmomants). A second group consists of brook-edge-dwelling species, the 
larvae of which often show specialized mouthparts (subgenera Brygoomuntis, Chonomantis, 
Hy lobatrachus, Mantidactylus, Ochthomants) The third assemblage contains three subge- 
nera (Gephyromantis, Laurentomantis, Phylacomantis). while Phy lacomantis males usually 
call along brooks and at Ieast some species have free-swimming larval stages, calling males of 
most Laurentomantis and Gephyromantis do not aggregate around water bodies, and direct 
development without free-swimming larval stages has been demonstrated in two species, 
Mantidactylus asper and M. erselti (BLOMMERS-SCHLOSSFR, 1979; GLaw & Vences, 1994). 
Due to this reproductive diversity, studies on these frogs have the potential to contribute to the 
understanding of the evolution of direct development and other specializations 1n anuran 
reproductive biology. 


One basic pre-requisite for such studies, however, is a detatled basic knowledge on the 
species’ taxonomy and distribution (GLAW & Vinces, 2000), Distributional data of Malagasy 
frogs are largely based on the monograph of BLommrrs-SCHLOSSLR & BLANC (1991} who, 
however, mostly did not recognize sibling species and gave no voucher specimens for the 
localities plotted on their distribution maps. Apart from type specimens from other collec- 
tions, their work was based almost exclusively on the collections housed at Amsterdam and 
Panis, 


In the present paper, we review the Afantulacr lus asper group, a phenetic species 
assemblage in the subgenus Gephyromantis. distinguished from other Mantidactylus by 
reproduction independent from water, mainly nocturnal calling behaviour, largely separated 
lateral metatarsaha, and black paired subgular vocal sacs in males. We re-examined the 
material available to BLOMMERS-ScHr Ossi R & Bı anc (1991), and complemented this mfor 
mation by own field observations. 
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MATERIALS AND METHODS 


ABBREVIATIONS AND MEASUREMENTS 


Vocalizations were recorded using portable tape recorders with an external microphone 
(Vivanco EM 238) and were analyzed with the MEDAV sound analyzing system Spektro 3.2. 
The following morphological measurements were taken with a caliper to the nearest 
0 1 mithmeter: SVL, snout-vent length; HW, head width; HL, head length, ED, horizontal eye 
diameter; END, eye-nostril distance; NSD, nostril-snout tip distance; NND, nostril-nostril 
distance; TD, horizontal tympanum diameter; HAL, hand length; FORL, forelimb length; 
HIL, hindlimb length; FOL, foot length, FOTL, foot length including tarsus, IMTL and 
IMTH, length and height of inner metatarsal tubercle; TL1, length of first toe. Statustical 
analyses were carried out using SPSS for Windows, version 10. We performed Mann-Whitney 
U tests to test significance of intersexual differences in size and morphometric ratios 
(TD/SVL, relative tympanum diameter; IMTL/SVL and IMTH/SVL, relative size of inner 
metatarsal tubercle, FORL/SVL and HIL/SVL, relative length of fore- and hindlimbs), and 
of interspecific differences in selected morphological variables and ratios. Measurements are 
given as range, with mean + standard deviation in parentheses. 


INSTITUTIONAL ABBREVIATIONS 


BMNH, The Natural History Museum, London (formerly British Museum of Natural 
History); MNHN. Muséum National d'Histoire Naturelle, Paris, MRSN, Museo Regionale 
di Scienze Naturali, Tormo. MSNG, Musco Civico “G. Doria” di Storia Naturale, Genova; 
MTKD, Museum fur Tierkunde, Dresden; TM, Transvaal Museum, Pretoria, UADBA, 
Université d'Antananarivo, Département de Biologie Animale, ZFMK, Zoologisches Fors- 
chungsinstitut und Museum Alexander Koenig, Bonn, ZMA, Zoölogisch Museum, Amster- 
dam, ZMB. Museum fur Naturkunde, Berl; ZSM, Zoologische Staatssammlung, Mun- 
chen The catalogue numbers of voucher specimens housed in the ZMA are given as the jar 
number followed by the field number of R. Blommers-Schlésser, since they bear no individual 
ZMA tags. 


TAXONOMY 


To avoid confusion by introducing working defimitons (operational taxonomic units} 
and assigning them to specific names ma second step, we decided to anticipate our taxonomic 
proposals and use consistent names throughout this paper. This mainly regards (1) the 
recognition of the Montagne d’Ambre population previously considered as Mantidactylus 
pltcsfer by BLoMMERS-SCHLOsSIR & BLANC (199 }oras M cf asper by GLAW & VENCES(1994) 
as a new species which 1s deseribed herein, (2) the re-definition of Mantdacty tus pheifer asa 
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species of usually rather large body size and with large and distinct femora! glands from 
south-eastern Madagascar; (3) the recognition of mid-altitude eastern populations previously 
assigned to M. luteus by GLaw & Vences (1994) as a distinct species M. sculpturatus. These 
decisions are largely corroborated by high genetic divergence levels between the species 
recognized, by the morphological differentiation of the new species from Montagne d’Ambre 
and by the morphological and bioacoustic differentiation and syntopic occurrence of M 
sculpturatus and M. plicifer at Ranomafana More detailed justifications are given in the 
respective Identity and Diagnosis sections below. 


MORPHOLOGICAL TERMINOLOGY 


Webbing formula 1s given according to BLOMMERS-SCHLOsSFR (1979). Femoral gland 
morphology is described according to GLaw et al. (2000). Most Gephyromantis species are 
characterized by a number of dermal spines, tubercles and ridges. The arrangement and 
degree of expression of these structures is often important for species definitions and 
probably also bears relevance for the assessment of phylogenetic relationships among species 
and subgenera in the genus Mantrdact) lus. To refer unequivocally to these structures, we here 
define a number of terms (fig. 1): 


(1) dnter-ocular tubercles. — On the upper surface of the head, between the eyes, a number 
of tubercles are present in many species. These are generally arranged symmetrically, either as 
one pair or as two pairs, and should not be mistaken with the unclevated black inter-ocular 
spots as present in M. feucomaculatus (Phy lacomantis) In several Phy lacomantis (M cornu- 
tus, M redimitus, M. tandroha, M. tschenkt), one pair of rounded, black tubercles are 
generally present. On the contrary, in M asper, M spinifer and the new species described 
herein (Gephyromantis), the tubercles are generally not rounded but rather longitudinal and 
ridge-like; often, two pairs of such tubercles are present which sometimes appear to be a 
discontinuous anterior continuation of the inner dorsolateral ridges, and sometimes, in M 
spinifer, these ridge-hke tubercles are fused to form a symmetrical figure (fig. 1). 


(2) Inner dorsolateral ridges As a constant state in all species of the M asper group, two 
largely continuous ridges start above or up to 4mm behind the eyes and run medially onto the 
anterior back Here they either continue straight dorsolaterally onto the posterior fourth of 
the back, or curve slightly towards the flanks and fade. 


(3) Outer dorsolateral ridges - In all species of the M asper group, a second pair of 
dorsolateral ridges runs laterally of the inner dorsolateral ridges. Often this second pair 1s not 
continuous and poorly defined 


(4) Connecting dorsal ridge Inssome Af spinifer, at the point of maximum convergence 
of the inner dorsolateral ridges on the anterior dorsum, these are connected by a short 
transversal ridge. 


(5) Supraocular spines. — Above the eyes, distmet dermal spines are usually present in all 
species of the M. asper group (and in several Phylacomantis: e.g .M cornutus, M redimitus, 
M _ tschenks), although they can be small and indistinct in the new species described herein In 
contrast to the rather rigid dorsal ridges, these spines are flexible. 
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Fig ! - Partial dorsal views (head and anterior body and hindlimb) of three representative species of the 
Mantidactylus asper group Mantidactylus spimfer (lef), female MNHN 1972 1444, M plicifir 
{center}, female MNHN (972 1431, and M ambolnira (right), female MNHN 1893 245 The arrows 
mark dermal structures which are described in the text CDR. connecting dorsal ridge, HSP, heel 
spme, IDR, inner dorsolateral ndge, JOT, inter-ocular tubercles, ODR, outer dorsolateral ridge, 
SOSP. suprocwlar spines, SOT, supraocular tubercles TASP, tarsal spines. Not to scale. 


(6) Supraocular tubercles. These are homologous to supraocular spines but less elevated 
and not pointed 


(7) Heel spme A long or short spine may be present on the heel. Similar to the 
supraocular spines, the heel spine ıs a dermal, flexible structure. Beside the M asper group, it 
1s also found in several Phylacomantis and in species of the genus Boophis (e.g , B madagas- 
Cariensis). 

(8) Tursal spines. A number of smaller dermal spines are sometimes arranged at the 
posterior edge of tarsus. Species with tarsal spines always bear also a distinct heel spine. 


(9) Humeral protuberance. A well known synapomorphy of Muntedac tvlus species are 
the femoral glands on the ventral surface of the femur (GLaw et al . 2000). In several species 
of the M asper group (Af luteus, M plicifer, M spunfer), we observed a prominent structure 
on the ventral side of the humerus, too (fig 2). By dissection {internal view, GLAW et al., 
2000), we noted that this prominence was not caused by enlargement of skeletal or muscular 
tissues but largely dermal, and sometimes contained a gland-hke element at its most promi- 
nent part Without further histological analyses we are unable to state whether this structure 
Is actually a gland, and thus here refer to it as humeral protuberance. It is best visible in 
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Fig 2 ~ Left ventral views of a male (above, MNIIN 1972 1462) and a female (below; MNHN 
1972 1443) of the forelimb of Muntidac tylus spuufer The arrows mark the humeral protuberances. 
Note also the strong.y contrasted ventral pattern in both sexes Right ventral views of a male (above 
MNHN 1972, 1436) and a female (below MNHN 1972 1431) of the forelimb of M plicifer In this 
species, the humeral protuberance is very d.sunct in males but apparently absent in females. 


Mantida tylus plicifer and M luteus, where a clear sexual dimorphism exists (no protuberance 
recognizable m females; fig 2) In other species, eg M spinifer, a weakly expressed humeral 
protuberance appears to be present in males and females (fig. 2). 


MOLECULAR AND PHYLOGENFTIC METHODS 


To sample data on genetic differentiation and phylogenetic relationships, we sequenced 
fragments of the mitochondrial 16S rRNA gene of up to 567 base pairs (bp), using primers 
and protocols given by Vences et al. (2000), in species of the M asper group and of related 
taxa The corresponding voucher specimens and EMBL/Genbank accession numbers are 
Mantidact lus asper, UADBA-FG/MV 2000.17. AJ314802, M. luteus, ZFMK 66674, 
AF245313, M plijer, ZEMK 62306, AJ314800, M souipturatus, ZFMK 62304, AJ314799, 
M boulengeri. ZFMK 66672, AF215318; M corvus, ZFMK 70494, AF215320, M cf. 
pseudoasper, MSNG 49087, AJ314803, M malagastus, MRSN A1991, AJ314797; M aff 
matagasius. MRSN A1938, AJ314796, M granulatus, ZSM 645.2001, AJ314794, M sp. n 
(Tyaratanana; new species close to M granulatus), ZSM 627.2001, AJ314795, M len omacu- 
datus, ZFMK 59953, AJ314805. M cornutus, ZSM 308.2000, AJ314798; M tschenki, ZEMK 
62296, AJ314806, M tndroka, ZFMK 59894. AJ314803 Boophis verophilus (ZFMK 66705. 
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AF215335) and Mantidactylus liber (subgenus Guibemantis; ZSM 491.2000, AJ314801) were 
used as outgroups. Sequences of the new species described below were obtained from the 
specimen MTK D 37424 and have the Genbank accession number AF215327. 


Sequences were aligned using the CLUSTAL algorithm in SEQUENCE NAVIGATOR 
(Applied Biosystems); subsequently, the alignment was adjusted by eye. A total of 33 base 
pairs of the hypervarrable region could not be reliably aligned and were excluded from further 
analysis. The aligned sequences were submitted to analysis using PAUP*, version 4.0 (Swor- 
FORD, 2001). We used MODELTEST (Posapa & CRANDALL, 1998) to estimate the model of 
sequence evolution for a Maximum Likelihood (ML) phylogenetic reconstruction. We addı- 
tionally performed Maximum Parsimony (MP) analyses, using the heuristic search option 
with tree-bisection reconnection branch-swapping, and Neighbor-joming (NJ) analyses, with 
LogDet distances which are robust against possible variation of sequence evolution among 
Inneages (LOCKHART et al , 1994). In the MP analyses, we coded gaps as fifth state, but also 
performed additional searches excluding all characters with gaps in one or more species. We 
used PAUP* to test for the presence of a significant phylogenetic signal by a permutation- 
tauled-probability (PTP) test with 100 replicates, and for homogeneity of base frequencies 
across sequences. 


RESULTS 


SPECIES ACCOUNTS 


Mantidactylus asper (Boulenger, 1882) 
(fig. 3a-b) 


Rana aspera Boulenger, 1882 - Nume beurmg type lectotype, by present designation, BMNH 
1882 3 16 80, adult male collected by W D Cowan, SVL278mm_ Tipe localit) “East Bets.leo” 
according to original description Other ipes paralectotypes, following present lectotype designa- 
tion, BMNH 1882.3.16 81-90, same collecting data as lectotype 


Mantductylus ceratophrys Ahl, 1929 - Name bearmg type lectotype, by present designation, ZMB 
10443, adult female, collected by J M Hildebrandt according to orginal descr.ption. F) pe locality 
“Betsileo” according to onginal description Other types paralectotypes, following present 
lectotype designation, ZMB 10444 and 50501 50502, three adult females with same collecung data 
as lectotype. 


Comments (1) Considering the existence of at least one new species in the Mf usper group as 
described below it appears important for taxonomic stability to define single name-bearing 
types for all taxa in the group. Following this rationale, we here designate lectotypes for M 
asper and its junior synonym M ceratophrys Detailed morphological measurements of these 
lectotypes are given in tab. 1 (2) BLoMMERS-SCHLOSSrR & BLANC (1991) listed the specimens 
“BMNH 1882 316 80-82, 83-86” as syntypes of M asper. The number “316° n this mention 
1s certainly a typing error for “3 16" Beside BMNH 1882 3.16 80-81, all specimens of the 
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Fig 3 Photographsol Muntulicnfus caper. male from Ankemtheny (ZEMK 60789) in dorsolateral and 
sentral views Gbb, of Muntaductsfus umbolitra male holotype from Montagne d Ambre (75M 
1084 W0 Lin dorsolateral and sential view sfe-d) and ot Wwaaduitional specimensol Y umbohira 
female ZI MK $7419 te) and a calling male spermen (not collected) photographed by J Koler th, 
both from Montagne d’Ambre 


series BMNH 1882 3 16 83-90 are Labeled as synty pes of the tavon im the London museum 
We examined four specimens of this series which were not individually numbered We could 
not locate the specimen BMNI 2 3 16 82 in the London collection. it may have been 
exchanged or used for osteologral eyammations It can be assumed that the series ot 
Paralectoty pes {according to present lectoly pe designation) consinty of at least nine. possibly 
ten specimens. © (3) Browsirry-SCit oss R & Bt asc (1991) stated that the type of Merida 
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tylus ceratophrys Ahl, 1929 was lost In the meantime, four onginal syntype specimens have 
been rediscovered in the ZMB collection (lectotype and paralectotypes according to present 
designation). 


Material examined. BMNH 1882 3 16 80-81, 1882 3 16 83-86 (East Betsileo, lectotype and paralecto- 
types), BMNH 1925 7 2 29 (Ants.hanaka). BMNH 1928 59 1 (Brickaville), MNHN 1972 557-558 (Tsa- 
ratanana), MNHN 1972 559-560 (Mandraka), MNHN 1972 574-576, 1972 578-583, 1972,586-591 (Tsa- 
ratanana); MNHN 1972 $84-585 (locality uncertain), MNHN 1973 905 (Meroyeyy, alt 1300 m), MNHN 
1975 313 (Marojcyy), MNHN 1975.317 (no precise locality), MNHN 1975.318 (Marojejy, alt 1300 m), 
MNHN 1975 319-320 (Marojejy, ah 2000 m), MNHN 1975 321 (Mandraka): ZFMK 62236-62237, 
62240 (Mantady), ZFMK 62303 (Ranomafana); ZFMK 60789 (Ankeniheny), ZMA 6867 988-990 and 
6868 470 (Andasibe), ZMA 6894 36, 6895 376-383 and 6895.480-482 (Mandraka), ZMA 6897 906 
(Andasibe}: ZMB 50501-50502 and 10443-10444 (Bets.leo, lectotype and paralectotypes of Mantdacry- 
lus ceratophrys), ZSM 401 2000 and UADBA-FG/MY 2000.17 (Mandraka). 


Morphology and diagnosis. The following morphological description 1s based on the type 
series, and on specimens from central eastern Madagascar (Mandraka, Andasibe, Mantady, 
Antsibanaka, Brickavulle). Specimens from these localities form a well-defined homogeneous 
cluster, although several characters (expression of dorsal tubercles and ridges, relative hind- 
limb length) are subject to considerable individual variation. Other attributed specimens are 
discussed in the section on distribution, 


Inner dorsolateral ridges prominent, either continuous (e.g in ZMA 6867.990) or 
discontinuous (eg in ZMA 6867.989), starting 1-3 mm behind eyes, No connecting dorsal 
ndege in the specimens examined by us. Outer dorsolateral ridges generally present, but often 
not continuous, appearing as an irregular series of short folds and tubercles. One or two pairs 
of distinct more or less prominent ridge-like interocular tubercles. Additional smaller tuber- 
cles and short ridges on the dorsum of most specimens. Distinct supraocular spines in all 
specimens, two of these being especially large A distinct heel spine; tarsal spines gencrally 
reduced to small tubercles, sometimes not recognizable {e g. in several specimens of the type 
series), Femoral glands usually visible in males, but not very distinct or prominent, Voca! sac 
paired subgular No clearly recognizable humeral protuberance m either sex Webbing in most 
specimens reaching shghtly beyond the first subarticular tubercle of the fifth toe. webbing 
formula 5(0.5) to 5(0.75) One inner and two outer metacarpal tubercles, the latter in contact 
with each other. A large (males) or medium-sized {females} inner metatarsal tubercle and a 
distinct, small to medium-sized outer metatarsal tubercle. 


Significant or near-significant intersexua! dilferences were found in SVL (Mann-Whitney 
U test, P <0 06), in relative length of the inner metatarsal tubercle (P < 0 005), and in relative 
tympanum diameter {P < 0 05), but not in relative height of the mner metatarsal tubercle or 
limb length Males had larger relative tympanum sizes and fonger mner metatarsal tubercles 
than females, Male/female size ratio was 97 %. 


Coloration. In preservative, dorsal coloration generally brown. with more or less symmetri- 
cal light brown or dark brown markings. In ZMA 6867 988, dark brown vertebral area 
enclosed between mner (anterior dorsum) and outer (posterior dorsum) dorsolateral ridges, 
and beige flanks and areas lateral to the ridges, the beige color starting as narrow dorsolateral 
bands above the eyes. Hindlimbs brown with dark brown crossbands. A thin light vertebral 
line in ZFMK 62236. Head laterally brown. including the hps, with some rather indistinct 
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dark brown markings. Ventral side white on the chest and, ın females, on the throat, more 
cream on the posterior belly. Throat in males light brown with a distinct central white 
longitudinal stripe, and with black lateral color coinciding with the inflatable parts of the 
vocal sac. In females, indistinct but sharply delimited brown vermiculations on throat and 
chest. Limbs ventrally light brown, with some darker pattern at the edges. 


Distribution. - Beside the specimens from central eastern Madagascar, we also assign to M 
asper rather than to M spimifer one subadult male from Ranomafana (ZFMK 62303; vocal 
sac not visible, but throat laterally already slightly black colored) based on its smaller size, 
ventral pattern, and expression of ridges and tubercles. The situation is more difficult for the 
available material from the Marojejy and Tsaratanana massifs in northern Madagascar. These 
specimens are larger than typical M asper, have more weakly expressed spines and ridges 
(supraocular spines reduced to tubercles m most specimens), and a very weak ventral pattern 
In part, they thus remind specimens from Montagne d’Ambre which are described below as a 
new species. However, the low amount of webbing (at fifth toe consistently 0.75-1), as well as 
other characters constitute a distinct difference to that species, and support the tentative 
clusion of the Tsaratanana and Marojejy populations in M asper Despite low number of 
females in this sample (only two specimens), the inner metatarsal tubercle is significantly 
relatively longer in males (P < 0.05, tab, 2-3). Male/femate size ratio 1s 99 ° o. 


Summarizing, the species is known from the following precise localities: (1) Tsaratanana; 
(2) Maroyeyy; (3) Antsthanaka, (4) Brickaville; (5) Mantady: (6) Andasibe, (7) Ankeniheny; (8) 
Mandraka: (9) Ranomafana. Except for Brickaville, which ıs located close to sea level at 
the east coast, all localities ın the central east are at mid-elevations, ranging from ca. 700 to 
1200 m Marojejy specimens are catalogued as originating from an elevational range of 1300- 
2000 m 


BLOMMERS-SCHLOSSER & BLAnc (1991) additionally recorded the species from Les 
Roussettes (Montagne d'Ambre) and Ambatofitoharanana. Specimens from the former 
locality are here attributed to the new species described below, while the voucher specimen 
from Ambatofitoharanana (MNHN 1975 315) cannot be reliably attributed to any described 
species (see section at the end of the species accounts) 


Natural history. Calling males were observed during the day on the ground (at Ankeniheny) 
and after dusk from branches about 50cm above the ground (at Mantady and Mandraka). At 
Ankeniheny, they were mainly found close to a swampy brook, while they called far from 
water bodies at Mantady, and close to a tiny brook at Mandraka Vocal sacs did not remain 
inflated between notes. Each note was one expiration 


Advertisement call. Calls were recorded at Ankemheny on 18 February 1994, 17 15 h, at 
23 5°C air temperature. They consisted of series of single notes or series of note groups of 
2-4 notes each (fig. 4). Note duration was 5-13 ms (10 + 3 ms, z ~ 8), duration of intervals 
between notes was 56-80 ms (66 + 1] ms, 2 = 6) Frequency was 1700-7700 Hz, dominant 
frequency 3200-4200 Hz. 

Similar calls were heard after dusk on 10 February 1996 at Mantady. Only series of single 
notes were heard (note repetution rate 1.3-1 4 per second) Frequency was about 2000- 
5000 Hz, dominant frequency 3500-4500 Hz. 
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Fig 4 ~ Sonagram and oscillogram of a call (series of four notes) of Mantidactylus usper from 
Ankemheny. 


Calls from Mandraka (recorded by R. Blommers-Schlésser ın December 1972 at 17 00h) 
were series of note groups (up to 7 notes per group). Note duration was 13 20 ms (16 + 2ms, 
n= 9), duration of intervals between notes 72-80 ms (75 + 2 ms, » = 7) Note groups with 4-7 
notes had a duration of 323-494 ms (386 + 69 ms, n — 5}, duration of intervals between note 
groups was 626-733 ms (684 + 44 ms, n = 4), Frequency was 18006000 Hz without 
recognizable dominant frequency 


Mantidactylus spinifer Blommers-Schlosser & Blanc, 1991 


Mantidactylus spiniferus Blommers-Schtosser & Blanc, 1991 Name-bearmg tpe holotype, by original 
designation, MNHN 1972 1450, adult male collected by C P Blanc in November December 1971 
accordmg to MNHN catalogue - Type iuhan “Chaines Anosyennes’ acconling to original 
description, “Camp IV, Chames Anosyennes” according to MNHN catalogue - Purat, pes, MNHN 
1972 1440 and 1972 1470, adult female and male 


Marertalexammed, (1)typesand topotypr al material MNHN 197? 1450 holotype, Camp IV, Chaînes 
Anosyennes), MNHN 1972 1440 (paratype. Camp IV. Chaines Anosyennes), MNHN 1972 1470 (para- 
type, Ambana-Camp IV, Chaines Anosyennes!, MNHN 1972 1439, 1972 1443-1468 (Camp IV. Chaînes 
Anosyennes); (2) further material: MNHN 1972 551-554 (Ivoh.be, Marovitstka forest) 


Morphology and diagnosis Beside the three type specimens designated by BLOMMIRS- 
Scutosser & Branc (1991), nine males, thirteen females and four juveniles from the same 
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series and general locality were available. Considering this material, the following updated 
description of M spimifer (based on the topotypic material only) can be provided Identity of 
other specimens is discussed in the section on distribution. 


Inner dorsolateral ridges prominent, startmg 0-2 mm behind the eye. Dorsal connecting 
ridge present in some specimens and completely absent ın others. Outer dorsolateral ridges 
generally present, but mostly not continuous and poorly defined, often appearmg as an 
irregular series of short folds and tubercles. One pair of disunct and very prominent ridge-like 
mterocular tubercles, a second, less distinct anterior pair often being also visible, the two pairs 
sometimes fusing to a single symmetrical structure (fig. 1). A large number of additional 
irregular tubercles and short ridges scattered on the dorsum Distinct supraocular spines in all 
specimens, two of these being especially large. A distinct heel spine and a line of 2-7 distinct 
tarsal spines. Males with very distinct and rather prominent femoral glands. Vocal sac paired 
subgular A weakly expressed humeral protuberance in both sexes (fig. 2). Webbing m most 
specimens reaching distinctly beyond last subarticular tubercle of fifth toe, but not reaching 
toe disc. webbing formula 5(0 25) to 5(0 75) One inner and two outer metacarpal tubercles, 
the latter two ın contact with each other. A large mner and a distinct, small to medium sized 
outer metatarsal tubercle, 


Morphometric measurements are given in tab. 1-3, No significant sexual dimorphism 
was found in relative forelimb length (P > 0.5), but the remaining variables tested showed 
significant differences between sexes’ females were significantly larger (mean male/female size 
ratio 96°, P < 005), had shorter relative hindlimbs (P < 005), and smaller relative 
tympanum sizes (P < 0.01). Relative length and height of the nner metatarsal tubercle were 
also distinctly smaller in females (P < 0.001). 


Coloration. - The following description ts based on preserved specimens only, as no color 
pictures of living specimens were available Dorsal coloration with various tones of brown, 
generally arranged in longuudinal patterns. Narrow or broad brown bands sometimes 
arranged dorsolaterally, following the dermal ridges, on a beige or hght brown dorsum 
(MNHN 1972 1443, 1972 1449), or dark brown central dorsum with cream-beige flanks 
(MNHN 1972 1458, 1972 1461) In most specimens a rather mdistinct mixture of dark and 
light brown 


All specimens ventrally with a very distinct coloration, the dark flank color reaching onto 
the posterior venter and ending abruptly, without any fading, bordering onto the ventral color 
which (in preservative} is bright white (fig. 2). Males with a brownish throat (laterally black, 
corresponding to the inflatable parts of the vocal sac) with a more or less distinct median 
white stripe. Females with a white throat and a brown border along the lower lip. Limbs 
ventrally more or less distinctly marbled with dark brown and white This conspicuous ventral 
color pattern ts already visible in juveniles (MNHN 1972.1452, 1972.1466-1468) of 14-18 mm 
SVL. 


Distribution Beside the specimens from the type locality Chaînes Anosyennes, BLOMMI RS- 
Scrtoss1 R & Bi anc (1991) meluded three additional localities of M spraifcr in their distri- 
buuon map’ Marojeyy, Marovitsika and Andringstra. The MNHN vouchers Irom Marojejy 
were herein assigned to M asper and we did not locate vouchers from Andringitra assignable 
to the species. However, a series from the Marovitstha forest {Pic d'Ivohibe} could be meluded 
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Table. Morphometne measurements (atl i mmy) of nzme-beacrag types m the Maniidactytus asper group. For abbrev sons of measured variables, see 
Materials and methods, other abbrewations used are M (male), F (female). RIL (relat ve handkmb sags gives the posruon reached by the 
‘obrowrsal artewaton when the bindimb 2s adpressed along the body) 
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‘Table 3. Morphometne measurements (3 E m mm) of fema specimens of spec es in the Manudacivlus asper group Abbreviations as given w Materials 
‘and methods and va the ception to tab. 1 The measurements of Mf asper are giver separately for populations from north castem (NE, Tsaratanang, 
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tm parentheses}. Re,atve tundhimb iengih (REL) 1s coded as fol.ows when adpressed along body, the ubyolarsal articulation reaches (.) ye nostri, (2) 
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with some reservations in M spinifer (MNHN 1972.551-554). It contains specimens larger 
than typical M asper, with more distinctly expressed spines and tubercles (two tarsal spines 
clearly recognizable) and a more distinct ventral contrast of white and dark coloration. These 
character states remind those of M. spinifer (see below), However, the specimens are still 
smaller than typical representatives of the species, and the ventral pattern contrast 1s less 
expressed. We here tentatively follow their assignation to M spinifer as suggested by 
BLOMMERS-Sc HLOSSER & BLANC (1991), but ıt should be kept in mind that they are interme- 
diate between M spmuferand M asper m size and expression of ventral pattern contrast, The 
species 1s therefore known from (1) the Chaînes Anosyennes and (2) Ivohibe. 


Natural history and advertisement call. - Unknown. 


Mantidactylus ambobitra n. sp. 
(fig. 3c-f) 


Holotype ZSM 1084.2001 (onginally ZFMK 57418), adult male, Montagne d'Ambre, 
collected by Frank Glaw, Narhy Rabibisoa and Olivier Ramilison on 14-17 March 1994, 


Paraty pes MNHN 1893 244-245 (two females) from Montagne d’Ambre, MNHN 
1893 246 (female), 1893 248 (male), 1893 249-250 (two females), 1893.252 (female), 1893 253 
Quvenile), 1991 3148 (previously 1893 246A; female), all from Mararaomby (Montagne 
d’Ambre), sent to the Paris museum by Alluaud and Belly in 1893, MNHN 1972.573 (female) 
from Montagne d’Ambre, MNHN 1975 314 (female), 1975 322 female}, 1975 325 (female), 
1975.329 (temale), 1975 330-331 (two males) from Les Roussettes (Montagne d’Ambre}. all 
without precse collecting data, MIKD 37424 {male} from Montagne d’Ambre, ZFMK 
57419 (female) from Montagne d’Ambre. with same collecting data as holotype. ZFMK. 
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62204-62205 (two subadults), collected by J. Steinbrecher on 26 November 1995 at Montagne 
d’Ambre. 


Diagnosis. A member of the genus Mantidacty lus based on the presence of femoral glands 
and absence of nuptial pads in males. Assigned to the Mantidactylus asper group m the 
subgenus Gephyromantis based on’ (1) blackish paired subgular vocal sacs in males; (2) inner 
and outer outer dorsolateral ridges, (3) (small) heel spines; and (4) general similarity with 
other species of the group. The species is in several characters intermediate between M. asper 
and M spmifer on the one hand, and M. luteus, M. plicifer and M sculpturatus on the other 
hand. It ıs distinguished from M asper and M. spinifer by its largely uniformly colored ventral 
side, a lower amount of dermal spines, less extended webbing and less prominent dorsolateral 
ridges. It is distinguished from M luteus, M plicifer and M sculpturatus by smaller body size 
(male SVL 34-37 mm vs. 36-48 mm), less prominent inner dorsolateral ridges, small size of 
heel spines and supraocular spines, presence of an outer metarsal tubercle and occasional 
occurrence of interocular tubercles, 


Etymology. Derived from Ambolutra, the Malagasy name for the Amber Mountain (Mon- 
tagne d'Ambre), the type locality of the species. The name ıs used as invariable noun in 
apposition to the generic name. 


Description of the holotype.— Adult male, SVL 35.8 mm (fig 3c-d). For measurements, see tab, 
1 Body slender; head slightly longer than wide, distinctly wider than body, snout rounded in 
dorsal and lateral views, nostrils directed laterally, slightly protuberant, much nearer to tip of 
snout than to eye; canthus rostralis distinct, concave: loreal region concave; tympanum 
distinct, elhpucal (shghtly higher than wide), 67 "< of eye diameter; supratympanic fold very 
disunct, straight; tongue ovoid, distinctly bifid posteriorly, vomerine teeth distinct, in two 
rounded aggregations, positioned posterolateral to choanae, choanae rounded. Arms slender, 
subarticular tubercles single, one outer, central, and nner metacarpal tubercles present, 
fingers without webbing, relative length of fingers 1 < 2 < 4 < 3, second finger distinctly 
shorter than fourth, finger disks distinctly enlarged, nuptial pads absent Hindlimbs slender, 
tibiotarsal articulation reaching widely beyond snout t.p when hindlimb ıs adpressed along 
body, lateral metatarsalia separated by webbing, inner metatarsal tubercle distinct, outer 
metatarsal tubercle small but recognizable. webbing formula between toes 1(1). 2i(2), 2e(0 75), 
31(2), 3e(t), 44(2), 4e(L 75), 510 25), relative toc length 1 <2 <3 <5<4, third toe clearly shorter 
than fifth toe. Skin on the upper surface smooth, dorsolateral folds present but weakly 
expressed and not very prominent, inner dorsolateral folds present, starting ca, 25 mm 
behind the eyes and fading on the anterior back. outer dorsolateral folds running from ca 4 
mm posterior to the supratympanic fold to the inguinal region Two distinct, longitudinal 
mterocular tubercles, of same color as surrounding skm; supraocular tubercles present. 
supraocular spines and heel spine present but small Ventral skin smooth on throat, slightly 
granular on posterior belly Femoral glands very poorly delimited and very indistinct from 
both external and internal views. a patch of distinct granules visible from internal view 


Dorsal coloration in preservative dark brown with a weakly defined vertebral region of 
lighter beige brown color Posterior fifth of the dorsum and dorsal surface of the hindlegs. 
hight brown One distinct and four distinct dark brown crossbands on femur, one indistinct 
and three distinct bands on tibia, and five indistinct bands on tarsus and foot Dorsal color of 
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forelimbs irregularly dark and light brown. On the flanks, the dark dorsal color fading 
gradually into the light ventral color. Head sides dark brown except an ill-defined light band 
running from the anterior eye corner to the upper lip. Ventratly cream-white with some weak 
symmetrical brown markings in the chest region Throat cream-whuite, the nflatable lateral 
parts of the vocal sac black. In hfe, color was similar to that tn preservative, the iris being light 
brown in its upper part, reddish brown laterally, and greyish brown in its lower part. 


Variation The available specimens are largely in mediocre state of preservation, especially 
the MNHN specimens that were collected more than 100 years ago. Nevertheless, a relatively 
large variability of morphology (dorsal dermal structures) and coloration could be assessed. 
ZFMK 57419 (fig. 3e) has a strongly contrasted dorsal pattern of dark dorsolateral stripes on 
a light brown back. A further specimen (fig. 3f. not collected) had a light reddish brown head 
surface with a triangular posterior end, a pattern also known in Mantidacty lus luteus (GLAW 
& Vences, 1994: color plate 93) and other representatives of the genus, Another specimen (not 
collected) hada broad and sharply delimited median light stripe on the dorsum The inner and 
outer dorsolateral ridges are always present but usually weakly expressed and often discontin« 
uous. The inner dorsolateral ridges generally begin 2-3 mm behind the eyes. In some 
specimens, one or two pairs of indistinct ridge-like mterocular tubercles are seen, but usually 
they are absent. Heel spine and supraocular spines are small, and often reduced to tubercles; 
tarsal spines are absent. Males have rather indistinct femoral glands. Humeral protuberances 
are not visible in the available material. Webbing in most specimens ıs rather developed, 
reaching almost the fifth toe disk, although 1t is less extended in other specimens (formula 
0.75-0). The outer metatarsal tubercle 1s always visible though generally small. The three 
available juvenile paratypes already show some of the characteristics of M ambohitra (e g , 
not very prominent dorsolateral ridges, presence of ridge-like interocular tubercles). 


Significant mtersexual differences (Mann-Whitney U tests) were detected in relative 
length of fore-(P <0 05) and hindhmbs(P < 0.005) and in relative length (P < 0.05) and height 
{P < 0,005) of the inner metatarsa! tubercle, but not in relative tympanum diameter or SVL 
Limbs are longer in females than in males, whichis a rather uncommonstate in Malagasy frogs: 
the inner metatarsal tubercle 1s longer and higher in males. Male/female size ratio 1s 102 4 


Further material MNHN 1893 243 (Montagne d’Ambre) ıs a large male specimen which 
reminds Mantidactylus plic ifer by size (SVL 44.8 mm) and by its large, distinct femoral glands, 
The probably subadult female MNHN 1975 324 (Les-Roussettes} reminds M luteus rather 
than M ambolutra As both specimens are in poor states of preservation. tt 1s not possible to 
make a definitive statement on their identity Tt ts possible, however, that more than one 
representative of the M. usper group occurs at Montagne d’'Ambre. 


Three further specimens agree morphologically with M ambohttra but are not mcluded 
in the type series due to dubious or lacking information on their collecting locality, The male 
MNHN 1975 32615 labeled as originating from “Ifaty “zbut we consider it as very improbable 
that this refers to Ifaty in extremely arid south-western Madagascar (close to Toliara} The 
female MNHN 1975 332 has no locality information Both these speumens bear numbers 
subsequent to small series ongimating from the Montagne d’Ambre region The female 
MNHN 1973 896 was collected, according to the MNHN catalogue. by C P Blanc on 16 July 
1972 at Maroycyy (300 m elevation), however, tts “hard™ state of fixation 1s similar to that of 
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specimens from Montagne d’Ambre (e.g. MNHN 1975.332) rather than to the more flexible, 
obviously formalin-fixed M luteus specimens from Marojejy, collected also by C. P. Blanc in 
July 1972 (MNHN 1973 897-902). 


Distribution. - The species is so far rehably known only from (1) 1ts type locality, Montagne 
d’Ambre in far northern Madagascar. 


Natural history We observed specimens during the day on the forest floor J Kohler (pers. 
comm.) observed calling males in November in the evening (20-22 h and later) during hght 
rain, calling from bushes at the forest edge, ca. 60-150. cm above the ground Inflated vocal sacs 
were paired subgular (fig. 3f). 


Advertisement call.— Unknown. 


Mantidactylus luteus Methuen & Hewitt, 1913 
(fig. 5a-b) 


Mantdacty tus luteus Methuen & Hew.tt, 1913. Nume-bearaig type holotype, by origmal designation, 
TM 10077, adult male collected by Herschell-Chauvin Type locatity Folony ~ Other types: 
paratypes, TM 10095-10101, two adult males, two adult females and three juveniles, and TM 10094 
(exchanged with another collection according to TM catalogue) 


ddenuty, ~ The type series, as examined by us in 1998, agrees morphologically with the 
populations attributed to M. luteus and inhabiting the low-elevation areas of the Malagasy 
east coast. This form 1s morphologically recognizable by. (1) rather small size, (2) distinct but 
rather small femoral glands ın males; and (3) generally uniformly whitish venter without 
distinct dark chest markings. The holotype has a SVL of 41 3 mm, FGL of 6.4-6 8 mm and 
FGW of 1.6 1 9 mm (W. Haacke, pers. comm. in 2061), thus within the range of other male 
specimens herein assigned to the species (tab 2). We will, in the following, provide a detailed 
morphological description of M luteus. and only mention differences from this pattern in the 
subsequent sections on M. plicifer and M. sculpturatus. 


Material examined MNHN 1975 323 (Kianjavato}, MNHN 1972 1435 (Ambana-Soavala, Chaines 
Anosyennes), MNHN 1972 1418 (Camp V. Chaines Anosyennes), MNHN 1973 897-902, 907, 908, 910 
(Maroyeyy, alt 300 m). MNHN 1973 906 (Marojeny. alt 1300 m), MNHN 1973 909 (Maroyeyy, ah 600 
m). TM 10077, 10095-10101 (holotype and paratypes, Folohy), ZFMK 47222, 47290-47291, 52711, 
52713-52714 (Nosy Boraha); ZFMK 52715, 66674 (Nosy Mangabe). 


Morphology - The descmption provided here refers to male specimens from Marojejy 
(MNHN 1973.897. 1973.899-902. 1973 906-908), Nosy Mangabe (ZFMK 66674) and Nosy 
Boraha (ZFMK 52714) which form a morphologically homogeneous group. Morphology 
and attribution of other specimens 1s discussed in the section on distribution, Inner and outer 
dorsolateral ridges present and usually conunuous, the inner ridge being more prominent 
than the outer ridge. Inner dorsolateral ridges generally beginning above the eye and running 
onto the central dorsum, ending in various modes, either fading or curving medially or 
laterally. sometimes conunued as indistinct undulating structures towards the inguinal region 
Outer dorsolateral ridges generally beginning in the shoulder region where the inner ridges 
end (fig 1) Noconnecting dorsal ndge. no interocular tubercles. Supraocular tubercles and a 
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fig 5 Photographs of Mantala tili luten, male from Nosy Boraha, in dorsolateral and ventral views 
(a bh AF ple ir male from Ranomuafane (7PMK 62308)in dorsolateral and ventral yews te-a), and 
ME sculptivatus, male from Andas.be (ZF MK $3658) in dorsolateral and ventral views (e-t) 


few small supraocular spines present Usually one distinct supraocular spine coinciding with 
the origin of the mner dorsolateral ndge A distinct heel spine. no tarsal spines. Males with 
small but distinct femoral glands (see tab. 2), in MNHN 1973 899 (Maroyeyy), the gland on 
one femur. in internal view, composed of 16 granules of 0 4-0 9 mm diameter each, nm ZMK 
66674 (Nosy Mangabe). of 29 granules of 0 4-0 6 mm Vocal sac paired subgular A strongly 
expressed humeral protuberance in males, licking im females. Webbing in most specimens 
reaching the dise of the fifth toe, resulting in webbing formulas of 540} er 5(0 25) One inner 
and two rather weakly expressed. similarly-sized outer metacarpal tubercles, the latter two m 
contact with each other. A distinct inner but no outer metatarsal tubercle, 
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Significant intersexual differences in the whole sample attributed to M luteus were found 
in SVE and ın relative length (Mann-Whitney U test, P < 0 05) and height (P < 0.005) of the 
inner metatarsal tubercle (longer and higher m males), but not ın relative tympanum diameter 
or relative length of limbs. Male/female size ratio is 89 %. 


Coloration. Dorsally generally uniformly greyish brown, sometimes with some shades and 
indistinct markings of lighter or darker brown Usually with ai least a partial black bordering 
of the inner dorsolateral ridges towards the flanks. Two further black spots often present at 
the ongin of the outer dorsolateral ridges. Indistinct but often welt-delimited crossbands on 
the hindlimbs (5-7 on femur, 3-7 on tibia, 4-10 on tarsus and foot). Ventral color uniformly 
cream, including the limbs. Only some specimens with faint brownish markings on chest and 
{ın males) on throat. Lateral, inflatable parts of the (paired subgular) vocal sacs black, 


Distribution Beside male specimens from Maroyejy, Nosy Mangabe and Nosy Boraha, we 
also attribute several vouchers to M luteus Two males from the Chaînes Anosyennes 
{MNHN 1972 1418 and 1972 1435), which were collected syntopically with M_plicifer (see 
below), differ from that species by their completely uniform chest, smaller size and smaller 
femoral glands (consisting of 24 granules of 0.4-0.6 mm diameter in MNHN 1972.1435) The 
male MNHN 1975 323 (Kianjavato) also agrees in having distinct femoral glands with 21 
large granules. The females ZFMK 52711 (Nosy Boraha) and ZFMK 52715 (Nosy Mangabe) 
are rather large (SVL 45.0 and 47 0 mm, respectively), and would therefore agree better with 
M pheifer by size. However, the almost uniform whiush venter of ZFMK 52711 and the very 
faint chest motthng of ZFMK 52715 agree with the state in M Jureus. As so far no records of 
M pilicifer exist for central-eastern or north-eastern Madagascar, we assign these female 
Specimens to M hueus We attribute also the juveniles MNHN 1972 909 and 910 (Marojeyy} 
to this species, as neither M plicifer nor M. sculpturatus are known from this region A further 
locality is Foulpointe which 1s based on a single voucher (ZMA 6725) which agrees with M 
luteus in body size and femoral gland proportions according to a personal communication of 
F Andreone. Summarizing, specimens attributable to M. luteus are from. (1) Maroyeyy; (2) 
Nosy Mangabe; (3) Nosy Boraha: (4) Foulpointe; (5) Folohy (type locality); (6) Kianjavato; 
and {?) the Chaines Anosyennes (including Ambana-Soavala and Camp V) All these 
Jocahties are at low elevations along the Malagasy east coast; only one specimen (MNHN 
1973 906) is catalogued as originating from 1300 m on the Maroyeyy massif, while the other 
specimens from this locality were collected at 300-600 m elevation 


BLowe RS-Sc HL OsstR & Bi Anc (1991) additionally recorded the species from a number 
of further localities, namely Les Roussettes (Montagne d’Ambre), Ambalamarovandana, 
Marovitstha and Antsdlova The available Montagne d’Ambre specimens are here all referred 
to the new species M anrbohitra, although at least two of these are actually morphologically 
similar to M luteus, and the possible occurrence of this or a simular species at Montagne 
d’Ambre warrants further research (see section on M ambolttra) The available material from 
Ambalamarovandana may be attributable to Af sculpreratis or M huieus (sce below) The 
locality Marovits:ka forest (Pie Ivohibe) ts based on juvenile specimens only The locality 
Antsalova (Antsingy) is corroborated by one MNHN voucher from this site catalogued as M 
luteus This specimen (MNHN 1975 327). however, has no dorsolateral ridges and clearly 
agrees in general morphology with Mantidactsfus corvus and M psctadoasper (subgenus 
Phylacomantis). two morphologically similar species of which one {M corus) has been 
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Fg 6 Sonagram and osullogram of part of a cail (five notes of a note series) of Mannidacty lus luteus 
from Marojejy- 


described from western Madagascar (Isalo). Occurrence of M cf. pseudoasper in the Antsingy 
forest 1s also corroborated by MSNG 49087 which was the origin of the tissue samples used 
for DNA analyses herein. 


Naturaliustory  Callmg activity was mamly nocturnal but sometimes started before dusk. In 
such cases, the calls were emitted from the ground. Calling activity increased with progress of 
dusk, and at night specimens generally called from leaves 1 2 m above the ground We never 
observed calling specimens gathering at or close to water bodies. 


Advertisement call. - Calls were series of short, relatively melodious notes (fig. 6). Each note 
did correspond to one expiration Between notes, the vocal sac did not remain distinctly 
Inflated. although a slight inflation was noted when a call series was about to start Calls from 
Marojeyy (Camp 1) were recorded on 27 Mareh 1994, 17 30 h, at 22°C air temperature. They 
contained up to 21 notes. Note duration was 22-24 ms {23 + 1 ms,» = $), duration of intervals 
between notes was 170-180 ms (173 + 5 ms, # - 4). Note repetition rate was 5 0-5 5 ms. Calls 
from Nosy Boraha as desenbed by Graw & Vincis (1992) were similar and are here 
re-deseribed They were recorded on 8 March 199] atca 22°C aur temperature Note duration 
was 44-59 ms (51 + $ ms.» = 8), interval duration 127-236 s (156 + 40 ms s - 7), and note 
repetition rate 4 3-5 0 per second 


On 28 March 1994, distress wally were emitied by a specimen from Marojeyy when 
handled Two calls had a duration of 1600 ms and 1663 ms. Frequency was 1650-10000 Hz. 
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respectively 0-10000 Hz, and showed the frequency band pattern typical for anuran distress 
calls, 


Mantidactylus plicifer (Boulenger, 1882) 
(fig Se-d) 


Rana plicifera Boulenger, 1882.  Name-bearmg type. lectotype, by present designation, BMNH 
1882 3 16 58, adult male collected by W D Cowan Type locality “East Betsileo” according to the 
original description Parulectotypes. BMNH 1882 3.16 57. female and 1882 3 16.56 and 59, two 
subadult specimens, with same collecting data as lectotype. 


Comment. The current re-definition of the species M phi ifer 1s based on characters (size and 
structure of femoral glands) recognizable in males only As only one of the original syntypes 
of Rana pliciferais a male, tts present designation as lectotype 1s necessary to reach taxonomic 
stability in a group of extremely similar species (M luteus, M pheifer, M sculpturatus) 


ddennty - Our field observations demonstrated syntopic occurrence of a smaller and a larger 
M luteus-like species at Ranomafana, males of the larger species reaching 44 2 44,4 mm SVL 
Also in the MNHN sample from the Chaines Anosyennes, a larger and a smaller form could 
be distinguished, males of the larger form ranging from 43.6 to 48 3mm SVL. One distinctive 
character of the large form at both sites were its consistently large and distinct femoral glands. 
Based on this character, we consider the large specimens as Mantidacty lus plicifer, fig 7 shows. 
that they agree with the lectotype of Rana pltcifera in relative femoral gland size, although the 
type is distinctly smaller (38 8 mm SVL, sec tab. 1-2). The difference both in SVL and in 
relative length and width of femoral glands (ratio FGL/SVL and FGW/SVL) was highly 
significant between M. plicifer and M. luteus (P < 0.005). 


Material exammed BMNH 1882 3 16 56-59 (East Betsileo, lectotype and paralectotypes), MNHN 
1972 1404 (Ampana-Souvala. Chaines Anosyennes}, MNHN 1972 1405, 1972 1407-1408, 1972 1410, 
1972 1412-1414, 1972 1419-1422 1972 1424-1425, 1972 1427, 1972 1429, 1972 1431 (Camp V, Chames 
Anosyennes}. MNHN 1972 1436 1437 (Camp IV, Chaines Anosyennes), ZFMK 62305-62306 (Rano- 
mafana) 


Morphology and diagnosis Beside the larger size of most specimens as compared to M 
luteus, the most important morphological character to identify M. plreifer 1s the large size of 
tts femoral glands (sce Adentiry section) In internal view, a gland of the lectotype contained 
about 45 granules. In one specimen from Ranomafana (ZPMK 62306), a gland was composed 
of 47 granules of 0 5-0 7 mm in diameter In one specimen from the Chaînes Anosyennes, a 
gland was composed of 55 granules of 0.4-0.8 mm in diameter 


Beside this character, the morphology of M plicifer 1s extremely similar to M date us. The 
differences mentioned by BI osmi Rs-SC tL OSSIR & Bi anc (199!) in their key to Mantakects- 
fs, namely webbing (less developed in M plicifer) and heel spine {only a tubercle present in 
M pli fer) are not suited to distinguish both species. The webbing is variable m M plte ifer 
For instance, tt reaches the disk of the fifih toe in ZFMK 62306, but only inbetween the disk 
and the external subarticular tubercle in ZFMK 62305, resulting in webbing formulas for the 
filth toe of 5(0) vs, 540.5). And the presence of a heel spine appears Lo be highly dependent on 
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Fig. 7 Scatterplot of snout-vent length (SVL) and relative femoral gland length (ratio FGL/SVL) in 
Manrudac tstus hieus, M phafer and M sculpturatus Note the clear distinct.on of Manndtctvlus 
plieder from the other two species by ns larger femoral gland sze Most M plcifer can also be 
distmguished by their larger SVL, the lectotype of 4 plicifer «marked by an arrow), which in 
contrast ts small-sized, shares with the other specimens its large femoral glands, 


the state of fixation and preservation of the specmens. So, a heel spine 1s clearly visible in the 
formalm-fixed M plicifer from Chaines Anosyennes, but this structure ts only rudimentary 
and faintly recogmizable tn the ethanol-fxed specimens from Ranomafana The outer meta- 
tarsal tuberele, absent in M lurens. is sometimes visible as small rudiment in formalin-fixed 
M plijer The pair of outer metacarpal tubercles are often mdistinet in M plicifer asin M 
futeus, but When recognizable, the outermost tubercle ts distinctly smaller and more elongate. 


Color and pattern vanation 1s as follows. Many specimens with a tendency of a lighter 
lateral coloration and a darker dorsal coloration, more or less sharply separated by the 
dorsolateral ridges. this contrasted pattern very d.stinct in a few specimens (eg MNHN 
1972. 1427) which have light brown to beige flanks and dark brown central dorsum and head 
surfaces, both colors sharply separated by the dorsolateral ridges. In this specimen, head also 
laterally boge. with a broad vertical band running from the eye to the upper bp. In some 
speermens, head laterally with a broad light beige band along the upper lip, bordered sharply 
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by a dark brown band along the canthus rostralis. Venter cream whitish, with a few brownish 
markıngs usually present in the chest region. Throat largely covered by faint brown pigment 
in many males (except a longitudinal light median band) Vocal sacs blackish. 


Intersexual differences m SVL and relative tympanum size are close to significance 
(Mann-Whitney U test; P < 0.07), males bemg smaller and having relatively larger relative 
tympanum sizes than females. Highly significant differences were found in relative length and 
height of the inner metatarsal tubercle (P < 0 001; longer and higher in males), while relative 
limb length did not differ significantly between sexes. Mean male/female size ratio 1s 96 %o. 


Distribution Beside the unprecise type locality East Betsileo, the species 1s reliably known 
from (1} Ranomafana and (2) the Chaînes Anosyennes. BLOMMIRS-SCHLOSSER & BLANC 
(1991) listed six additional localities for the species: Tsaratanana, Marojeyy, Ambohutantely, 
Mandraka, Ambalamarovandana, Marovitsika. We could not locate any voucher for the 
Ambohitantely locality in the MNHN or ZMA collections. The specimens from Tsaratanana, 
Marojejy and Mandraka, determined as M_piicifer by R. Blommers-Schlosser according to 
the MNHN catalogue, are here all referred to M asper (see also GLAW & VENCtS, 1994, for the 
Tsaratanana vouchers). The specimens from Marovitsika are juveniles that cannot be reliably 
determined, while those from Ambalamarovandana are here assigned to M sculpturatus ina 
preliminary way (see below). 


Natural history Calls were heard during dusk from the vegetation in rainforest. Calling 
males were sitting ca. 50 cm above the ground No water bodies were observed m the 
surroundings, 


Advertisement call Recordings were done on 2 March 1996, 18 15 h, at 23°C air temperature 
in the Ranomafana National Park. Single notes as well as short serics of up to five notes 
(fig 8) wereemitted Note duration was 121-148 ms (134 + 10 ms,» = 5), duration of intervals, 
between notes was 492-559 ms (535 + 31 ms, n — 4). Since intensity faded continuously at the 
end of each note, measuring of note duration was difficult, and ıt would also be possible to 
consider note durations as longer (und, correspondingly, interval durations as shorter) 
Frequency was 1200-4000 Hz, dominant frequency 2700-3300 Hz 


Mantidactylus sculpturatus Ahl, 1929 
(fig. Se-f) 


Mantala ts lus seudpturatus Abi, 1929 Name-bearwg npe holotype. by monotypy. ZMB 30515 Type 
locality. “Nordwest-Macagascar” according to original description {probably erroneous) Other 
Ay pes. none 


identity. — At mid-altitude localities of eastern Madagascar, a species occurs which 1$ 
extremely simular to M Heus by morphology Itos, however, distinguished by 5 unharmo- 
mous {ys. melodious} advertisement calls. 1's indistinct femoral glands. and a relatively high 
genets divergence (see below} We here revalidate the name Mfuntudectrlus sculpturatus 
for this species based on the following rauonale. (1) The type of M sctdptiratus ts a female of 
37 5mm SVL: its morphology totally corresponds to species previously assigned to M Ateis, 


Source - MNHN, Paris 


130 ALYTES 19 (2-4) 


f Frequency (kHz) 


0 800 1600 2400 3200 4000 ms 


Fig 8 Sonagram and oscillogram of part of a call (five notes of a note senes} of Mantudac tylus plijer 
from Ranomafana 


and its size agrees with the mid-alutude /urcus-like species but not with the larger species M 
plicifer. (2) AML (1929) described M sculpruratus from a specimen that was collected by J M 
Hildebrandt, and that was reported to originate from northwestern Madagascar, However, no 
species close to M luteus is so far known from this region, except an undescribed species from 
the Manongarivo Reserve collected by C J. Raxworthy (deposited in the London museum) 
and by D. Rakotomalala (pers. comm.). These Manongarivo specimens, however, have 
distinct mterocular tubercles in males and females which are absent in the type of M 
sculpturatus As with other anuran species collected by J M Hildebrandt in this region, itas 
probable that some labeling errors occurred either by Hildebrandt itself or when the speci- 
mens were entered tn the Bern Museum after Hildebrandt’s death in Madagascar in 1881 
{Vincis & Gi aw, submitted) (3) Beside localities in northwestern Madagascar, Hildebrandt 
collected at sites in central eastern Madagascar but apparently not at low alutudes along the 
east coast (B11 N tr. 1998) I11s therefore probable that the Af seuipturatus type was collected 
at a mid-altitude eastern locality. We are aware that these arguments do not suflice to fully 
clarify the identity of M scrtipturatus, bul us present re-definition appears as Most parsimo- 
nious solution and avords the description of the mid- altitude /ureus like form as a new species. 


Note. BLOMMI Rs-Sc Hoss R & Bi ANC (1991) stated that the “type” of M scdpturatus was 
lost In the meantime. the holotype has been rediscovered in the Berlin maseum. 


Material cvunmed — ZEMK 83688-53689 (Andasitbe), ZFMK 62304 (Ranomatana), ZMB 315 
{holotype} 
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Fig 9 Sonagram and oscillogeam of a call (three notes of a note series) of Mantidactylus sculpturatus 
from Ranomafana 


Morphology and diugnosis - By size and general morphology, this species 1s simular to M 
luteus Femoral glands are indistinct m most specimens, in ZFMK 62304 (Ranomafana), an 
adult male collected while calling and therefore in sexually mature and active state, no femoral 
glands at all were recognizable in external or mternal view The male ZFMK 53688 (Anda- 
sibe) had 26 scattered granules visible in mternal view of a gland These granules, however, 
were smaller than in M. lureus (0.3-0.4 mm in diameter). 


In the available material. no recognizable outer metatarsal tubercle, Webbing reaching 
the disk of the fifth toe or slightly below, resulting in a webbing formula of 5(0)-5(0.25) A 
small heel spine, and two externa] metacarpal tubercles of approx.mately similar size General 
coloration as in M Arcus, the specimen ZF MK 62304 from Ranomafana having a broad 
white streak along the upper hp bordered by a blackish streak running under the canthus 
rostralis. This specimen additionally with a curved white streak running transversally above 
the cloacal region Venter uniformly light, with very faint brownish pigment on the chest in 
some specimens, 


Distribution The species i reliably known from (1) Andasibe, (2) Ankemheny (no voucher 
specimens collected); and (3) Ranomafana. 


Natural history Calling males were observed at mgh, not concentrated around water 
bodies, 1-2 m high in the vegetation, in rainforest 


Advertisement call. - Calls from Ankentheny were recorded on 18 December 1994, 21.45 h, at 
ca 22°C air temperature They consisted of up to 22 unharmonious notes, but at the beginning 
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of calling activity single-note calls were common Following several of these, note-series were 
successively composed of an increasing number of notes. After such a call series, calling 
activity was often interrupted for some minutes; one call series from Andasibe lasted 20 s and 
showed the following pattern’ 1-1-2-3-15 (numbers referring to notes per call). However, 
multi note calls were emitted spontaneously as well. Note duration at Ankeniheny was 
154-180 ms (168 + 13 ms, » = 5), duration of intervals between notes was 126-163 ms (143 + 
18 ms, » — 4). Note repetition rate was 3.0-3.3 per second Calls from Andasibe (recorded on 
12 January 1992 at 22°C air temperature) were simular, with a note duration of 90-120 ms, an 
interval duration of 250-260 ms, and a note repetition rate of 2 8/s (GLAw & Vences, 1994) 


Calls from Ranomafana (fig. 9) were similar, too. Two analysed calls consisted of 15-17 
notes and had a duration of 4463-5127 ms. Note repetition rate was 3 3-3.4/s. Note duration 
was 150-196 ms (173 + 13 ms, n — 10), tnter-note interval duration was 122-158 ms (139 + 12 
ms, 7 = 10). Frequency bands were recognizable between 1500 and 2000 Hz, 2800 and 4000 
Hz, and 4800 and $200 Hz. Dominant frequency was between 3200 and 3400 Hz 


FURTHER SPECIMENS OF UNCERTAIN ATTRIBUTION 


While the specimens listed in the respective sections above could be attributed to the 
recognized species with a certain reliability and were used to delimit distribution patterns 
(fig. 10), the following juvenile specimens (and thus the localities Vondrozo, Ivohibe, Sanga 
Sanga forest and Tolongoina) could be assigned to the complex of the three species M luteus, 
M pheifer or M. sculpturatus, but a specific determination was not possible. MNHN 1930.414 
and MNHN 1991 3149-3150 (previously 1930 414A-B) (Vondrozo); MNHN 1972 556 (Ivo- 
hibe, Marovitsika forest), MNHN 1972.1434 (Ambana-Soavala); MNHN 1972 1406, 
1972 1409, 1972.1411, 1972.1415-1417, 1972 1423, 1972 1426, 1972 1428, 1972 1430, 
1972.1432-1433 (Camp V, Chaînes Anosyennes); MNHN 1972 1469 (Ambana-Camp IV, 
Chaînes Anosyennes); MNHN 1975.328 {Sanga Sanga forest), ZFMK 47252-47253 (Tolon- 
goma) The same applies to an adult female (MNHN 1930 413) from Fort Carnot, (SVL 
42 1 mm) which 1s in poor state of preservation and with largely faded pattern 


A senes from Ambalamarovandana (Andringitra, at 1530 m elevation, MNHN 
1972 595-599) consists of two juveniles, one subadult, and two adult females with immature 
oocytes, By the size of the females (SVL 40 8 mm, MNHN 1972 595; 406 mm, MNHN 
1972 596) and complete lack of dark pattern on throat and chest, they can be assigned to 
either M. luteus or M. sculpturatus rather than to M plejer. 


Three examined specimens probably belong to the Mantidactytes asper group but can 
not be determined further at present. (1) MNHN 1975.315 (Ambatofitoharanana} is a rather 
large female (SVL 42 9 mm) reminding Manndach tes asper and M ambolutra M has very 
weakly expressed, straight dorsolateral ndges and apparently no markings on the venter The 
locality Ambatofitoharanana ts located close to Fianaranisou, at a rather high alutude of ca 
1600 m. The specimen may represent a hitherto unknown species. (2) MNHN 1975 316 
{Maroyeyy, no elevational information), an adult female (SVL 313 mm) with maturing 
oocytes recognizable by dissection, has two distinct pairs of ndge-like interocular tubercles, 
but only rudiments of dorsolateral ridges, stead, the dorsum is covered with irregular small 
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used in the text 


tubercles. The venter ts uniformly hight except two faint symmetrical brownish markings on 
the chest. This mdividual may represent a new species of Mantidacts lus (Gephy romantis), but 
a description does not seem justified until further collections yield also male specimens. (3) 
MNHN 1895 257 ıs a juvenile specimen in poor state of preservation that reminds M asper. 
Itas remarkable because according to the MNHN catalogue it was collected on the west coast 
(“Côte Ouest”) However, we consider this locality information as dubious until the occur- 
rence of the group at western localities is confirmed. 


KEY To sprcirs IN THE MANTIDACTYI US ASPFR GROUP 


The following key allows identification of most specimens belonging to the Musrtidacty- 
dus asper group. However, sn some taxa teg. M luteus, M phetfer, M scudpreatis),a reliable 
determination 1s only possible in adult males (after exanunation of femoral glands or 
advertisement calls) Considering the important variability of characters such as dorsolateral 
ridges within populations (eg. of M asper or M spinifer}, determinations based on single 
specimens should be always considered with caution. 
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la. Moderately sized to large species (SVL 32-50 mm); ventrally uniformly cream-whitish, 
sometimes with brown motthng on chest and throat; tarsal spines and connecting dorsal ridge 
absent: interocular tubercles usually absent; outer metatarsal tubercle present or absent; 
webbing generally reaching closer to the disk of the fifth toe than to the first subarticular 
tubercle: webbing formula 5(0) to 5(0.5). . 2 


1b. Moderately sized species (SVL 27-38 mm); Paal ually with distinct co brown 
pattern (laterally dehmiting a central bright white area on chest and sometimes belly; throat in 
males brown with a light median stripe); tarsal spines sometimes present; interocular tubercles 
generally present, outer metatarsal tubercle present; webbing generally closer to the first 
subarticular tubercle than to the disk of the fifth toe: webbing formula 5(0.5) to 5(0.75), rarely 
5(0:25) «ean» p ee oni WORE. OE NOS SRS Sapte coer Seer) 4 


2a. Moderately sized species (SVL 32-39 mm); interocular tubercles sometimes present; 
supraocular spines small or in the form of tubercles only; dorsolateral ridges relatively 
irregular and sndistinct; heel spine small and indistinct; outer metatarsal tubercle present, 
only known from far northern Madagascar (Montagne d’Ambre)..............5+ 

ae, ARO An ner Eei le Meee ag <- Mantidac tylus ambohitra 
2b e species (SVL 36-50 mm); ınterocular tubercles always absent; supraocular spines 
distinct, with one relatively large spine at the beginning of the inner dorsolateral ridge; inner 
dorsolateral sii spe distinct, heel spine distinct, outer metatarsal tubercle absent or 


rudimentary. . ei dba eos aas EA Senha Pe oat SAO tacks 
3a. SVL 39-50 mm; femoral glands distinct, EE of 47-55 Ws calls composed of 
a slow series of unharmonious notes .......... 200020005 BCs i= wa Mantidactylus plicifer 


3b. SVL 36-47 mm, femoral glands aa but distinct, composed of 16-29 granules; calls 
aa ofa ca serics of melodious notes; known from eastern lowlands ... . .. 

= <A < ie T seu esse Mantidactylus luteus 
he. ‘SVL 38-43; mm; reste glands small and often indistinct or not recognizable, composed 
of 26 granules (if visible); calls composed of a rapid serics of unharmonious notes; known 
from eastern mid-altitudes . Mantidactylus sculpturatus 


4a Very granular dorsum with highly elevated and sharp ridges, connecting dorsal ridge often 
present; tarsal spines present and distinct; very distinct sharp dark brown-white contrast in 
the ventral pattern, extending onto the belly. .... 2 2. w.. Mantiductylus sponifer 
4b. Less granular dorsum; no connecting dorsal ridge: tarsal spines usually reduced to 
tubercles or absent, sharp brown-white contrast in the ventral pattern usually restricted to 
ChestanwWOntOrOnlrscereves stasseassinaeac tes cet yore ee woos Seminar Mantidactylus asper 


ANALYSIS OF DNA SEQUENCIS 


A chi-square test did not contradict homogeneity of base frequencies across taxa (af — 
51, P > 09) The PTP test resulted in a significant difference (P — 001) between the most 
parsimonious tree and trees generated from random permutations of the data matrix, 
demonstrating presence of significant phylogenetic signal Of the total of 556 included 
characters, 358 were constant, 59 variable but parsimony-uninformative, and 139 vartable and 


Source - MNHN, Paris 


VENCES & GLAW 135 


"bce M (Phylecomantis) granutatus BE — 72mg 


=M (Phytacomants) sp. n. (Tsaratanana) amer ? ——— 


-— M (Phylacomantis} comuius 9 ———— 


100 100/100] a933 


-M (Phyfecomants) tschents “2 — 


~~ M (Phylacomants) tandroke 


M (Prytacomentis) leucomacuietss (R) Z 
-> M (Laurentomantis) aff malagasius (Masoala) 


30 


Lasa M (Laurentoments} maiagasıus (Masosta) (R) P 
anoj" (Sophyromantis) sculpturatus (Ranomatana} R) 2 Type) 

|__ u epnyromants) tous (Nosy Mangas) (R) 2 

- = M. (Gephyromants) pliciter (Ranomatana) @) ? 

ae M.(Gephyromantis) embobitrsxp.n. (E) 2 

cers M.(Gephyromants) asper (Mandraka) (A) —————| oas, 

M (Gophyromants) bouiongori (N Mangane) (A) 2 


REE M (Phylacamants) corvus (isao) a7 aiii 


8385 


=-=- M (Phylacomantis) ct pseudoasper (Antsingy) S 


Fig I1 Results of a Neghbor-jomng (NJ, left) and a Maximum Parsimony (MP, right) analysis of 
556 bp of a fragment of the mitochondnal 16S rRNA gene in 16 species of Manridacty lus belonging 
to the subgenera Gephy romantis, Laurentomants and Phy lacomantis Species of the M asper group 
are printed in bold The MP cladogram ıs a strict consensus of eight equally most parsimonious trees 
(505 steps, consistency index 0 54, retention index 0 48). Numbers above branches are bootstrap 
values m percent of Neighbor joining (left) and Maximum Parsimony and Maximum Likelihood 
(nght} analyses, respectively (2000, 2000 and 100 replicates) Booples wrophilus was used as the 
outgroup. The symbols refer to presence of free-swimming or non feeding larvae (tadpole symbol) or 
direct development within the egg (egg symbol} Symbols with question marks refer to mdirect 
evidence from callmg behaviour, species which call around water bodies (brooks) may have tadpoles, 
while species calling mdependently from water probably have direct development 


parstmony-mnformative. MODELTEST proposed a Tamura-Nei substitution model (TrN + I 
+ G) as best fitting the data, with a proportion of invariable sites of 0.4764, a gamma shape 
distribution parameter of 0 9064, and empirical base frequencies {A 0 3370, © 0.2328: 
G. 0.1765, T 0.2536) and substitution rates (A-G' 5.3583, C-T 8 5036, ull other rates: 1). The 
Maximum Parsimony analysis resulted in eight equally most parsimonious trees (505 steps, 
consistency index 0.54, retention index 0.48). A strict consensus of these ts shown m hg II 
Most splits in the topology were unresolved, resulting in several poly tomies: The following 
clades were resolved’ (1) a lineage contaiming the species of the Mantidactyiis granulatus 
group in the subgenus Pin facomantis (sensu Graw & Vincis, 1994), (2) within the Af. 
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granulatus group, one clade containing M. granulatus and an undescribed specics from 
Tsaratanana, and a second clade containing M cornutus and M tschenki, (3) a lineage 
containing the two species of the subgenus Laurentomantis included, (4) a clade containing 
M. luteus, M. sculpturatus and M plicifer, (5) a clade contammg M. sculpturatus and M, 
luteus: {6) a clade with the two species of the Mantidactylus pseudoasper group in the subgenus 
Phylacomantis, M. pseudoasper and M. corvus. 


An identical topology was obtained by a second MP analysis after exclusion of all 
characters with gaps in one or more taxa. The NJ analysis with LogDet distances (fig 11) and 
the ML analysis using the substitution model suggested by MODELTEST (not shown) 
supported the same clades. Both in the NJ and ML trees, the M pseudoasper group was 
arranged basal to all other Gephyromantis, Laurentomantis and Phylacomantis species; 
sequentially, the species of Gephyromantis split off the phylogram, while the two Laurento- 
mantis were placed as sister group of the Mantidactylus granulatus group. 


Bootstrap analyses (FELSENSTEIN, 1985) with 2000 replicates provided rather high sup- 
port for most of the clades defined above (1-6); the sole exceptions were clade 2 which was not 
supported by values higher than 50 % in the NJ bootstrapping, and clade 3 which received low 
support (51 %) in the MP bootstrapping. 


Pairwise sequence divergences among species of the subgenera Gephyromuntis, Phyluco- 
mantis and Laurentomantis ranged from 3.8 to 16 4%: Even the lowest values (3.8 °» and 
47% between the species pairs M. cornutus M. tschenkrand M luteus M sculpturatus) 
were distinctly higher than values so far identified between conspecific Malagasy frog popu- 
lations (up to ca. 1.5 % in M. granulatus; M. Vences, unpublished). 


DISCUSSION 


The distinctness of the three species M futeus, M pheifer and M sculpturatus as 
re-defined here 1s well corroborated by their bioacoustic and genetic differentiation. Previous 
works (e g , BLoMMERS-SCHLOSSER & BLANC, 1991) also recognized two of these species (M. 
futeus and M_plicifer), but thew concept of M plicifer was equivocal, and in large part based 
on specimens attributable to M asper. We observed syntopic occurrence of two species (M 
pleifer and M sculpturatus) m the field at one site (Ranomafana), and preserved material 
provided evidence for symtopic occurrence of M pleifer and M luteus at the Chaînes 
Anosyennes. On the other hand, the morphological differences between these species are 
extremely faint, and at present no reliable characters are known which could diagnose their 
females or juveniles. This ss m agreement with the situation in almost all groups of anurans in 
Madagascar: the emerging picture indicates that all forms which ditler bioacoustically have a 
high genetic differentiation and must be regarded as valid species both under evolutionary 
and biological species concepts. Among M flutes, M plicifer and M sculpturatus, the lowest 
genetic differences are found between M fateus and M  scidpreutus, which were reliably 
grouped as sister taxa by the phylogenetic analysts. The apparent allopatric distribution of 
these species indicates an alutudinal segregation, M scdpreaties inhabiung mid elevations 
and M luteus low-elevations along the castern coast This example may indicate that sibling 
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species that segregate along elevational gradients ın Madagascar are phylogenetically younger 
than those which occur in close sympatry (as M plicifer M. luteus or M, pheifer M. 
sculpturatus). 


The presence of a new species, Mantidactylus ambohitra, at Montagne d’Ambre in far 
northern Madagascar has already been suspected by Graw & Vences (1994), who figured a 
specimen from this locality as “Mantidactylus cf asper”. The isolated Montagne d’Ambre 
rainforest shares a rather large number of species with the eastern and north-eastern rainfor- 
ests which, on the contrary, are not present in the north-western (Sambirano) region 
(Raxwortuy & NUSSBAUM, 1994; RASŁELIMANANA et al , 2000), but the taxonomy of the 
Ambre populations has so far not been studied ım detail Our unpublished bioacoustic and 
genetic data mdicate substantial differentiation of the Ambre populations of at least three 
other species shared with the east, namely Meterixalus betsileo, Mantidactylus curtus and 
Mantidactylus liber At least some of these populations possibly ment a status as separate 
species, and may have originated by allopatric speciation in the isolated rainforest patch of the 
Ambre massif, 


As the occurrence of Mantidact lus luteus in Antsalova was based on a misidentification 
of MNHN 1975 327 (actually belonging to M pscudvasper or M corvus), no reliable records 
of any species of the M asper group and of the whole subgenus Gephyromantis exist at present 
from western Madagascar Similarly, the record of M granulatus from Antsingy (BLOMMERS- 
SCHLÖSSER & BLANC, 1991) 1s ın need of confirmation as we did not find any voucher specimen 
m the MNHN and ZMA collections on which the distribution data of these authors were 
largely based EMAanteLI & Jesu (1995) did not record M granulatus from this area The only 
records of the whole Gephyromantis-Laurentomantis- Pin lacomantis assemblage occurring in 
western Madagascar refer therefore to M corvus and possibly M. pseudoasper This pattern 
correlates with reproductive modes. M. corvus and M peudvasper have tadpoles developing 
normally in brooks (though of derived morphology, see GLaw & Vrncis, 1994); Gephyro- 
mantis have direct development ( BLOMMLRS-SCHLOSSLR, 1979; Graw & Venc rs, 1994); direct 
development ıs also probable in some Laurentomantis (GLAW & VLNCIS, 1994); and the 
species of the M. granulatus group may have either direct development (e.g M feucomacula- 
tus) or non-feeding tadpoles (M granulatus}. although no detailed observations have so far 
been published, The absence of species with direct development and similarly derived 
reproductive modes from western Madagascar 1s probably a consequence of the need of 
continuous humidity for the devetopment of terrestrial nests. The seasonal environments in 
western Madagascar possibly do not provide the climatic contumuty for successful reproduc 
tion of direct-developing in anurans or for the survival of their diminutive juveniles. This may 
also be the reason for the absence of cophyline microhylids of the genus Pletiodontohvla (with 
non-feeding tadpoles developing in terrestrial nests) from western Madagascar 


In the molecular analyses. the subgenus Gep/n romantis (including the Mantidactylus 
asper group) was a paraphyletic assemblage along the branch leading towards the subgenera 
Lawrentomants and partly Phufacomants (the M granulatus group), while another section of 
Pinfacomanty was placed basal to all these taxa (M conus and M pseudoasper) Rela- 
tionships of Lawentomanis 10 M ganulatus were also obvious from the cladograms of 
Ricitarns etal (2000) If this topology was confirmed by further molecular or morphological 
data, it would indicate (beside the obvious diphyly of Pit facomants) that the assemblage of 
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direct-developing Mantidactylus species evolved from brook-breeding ancestors such as M 
corvus and M pseudoasper. If new field data confirm that M granulatus has (possibly 
non-feeding} tadpoles rather than true direct development, the phylogenetic topology would 
furthermore suggest reversal of the reproductive mode (from direct development back to 
tadpoles) in this species. Such a (multiple) reversal has also been suggested for Neotropical 
hylid frogs of the genus Gastrotheca (e.g , SCANLAN et al , 1980; Der Pino & ESCOBAR, 1981; 
DuELLMAN & Hıruıs, 1987, see also discussion in Dusois, 1987): in this genus, direct 
development appears to be the ancestral state, and montane species from the Andes are 
hypothesized to have re-acquired a free swimming tadpole stage through developmental arrest 
in the course of their evolution. However, some Andean species of direct development may 
have returned again to this reproductive mode (DueLL MAN & HILuis 1987), which would 
indicate a high plasticity of this trait in this frog group. The testing of these hypotheses 
appears highly attractive to address general questions of amphibian evolution, and may 
quahfy beside Gastrotheca - the Gephyromantis-Laurentomantis- Phy lacomantis lineage as a 
suited model group for such studies. 
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